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Abstract
At present, at least three and up to ﬁve plant species are required to assess the potential risks of herbicides
to non-target aquatic plants. Several regulatory authorities are considering whether there should be further
requirements based on concerns about the possible selectivity of herbicides (e.g., speciﬁc modes of action
against dicotyledonous plants). The relative sensitivity of a range of aquatic plants is assessed in our work
in order to evaluate the implications of diﬀerences in species sensitivity for aquatic risk assessment of
herbicides. We therefore present results from ecotoxicological tests performed at Syngenta Crop Protection
AG on various aquatic plants and compare them to available studies and results in literature. The criterion
used for sensitivity ranking is the EC50 (median eﬀect concentration) value, which allows a better com-
parison of values from diﬀerent testing methods and conditions. The overall results obtained in the present
work show that the aquatic risk assessment procedure for herbicides based on Lemna sp. and algae is
suﬃciently protective while identifying potential toxicity to non-target plants. Only few exceptions con-
cerning herbicides with selective modes of action (e.g., auxin simulators) may require additional species
testing for proper risk assessment.
Introduction
The preliminary risk assessment procedure for
assessing the eﬀects of herbicides on non-target
aquatic plants requires data from a whole series of
test organisms. For the EU, two species of fresh-
water algae (a green algae such as Selenastrum
capricornutum Printz and a species from another
taxonomic group e.g., the blue-green alga Anaba-
ena ﬂos-aquae (Lyngb) Bre´b.) are tested. In addi-
tion, for US registration, data are required for a
freshwater diatom (e.g., Naviculla pelliculosa
(Bre´b.) Hilse) and a marine alga (e.g., the diatom
Skeletonema costatum Grev.). For both the EU
and the US, data on the aquatic macrophyte
Lemna sp. L. are also required.
A number of regulatory authorities are cur-
rently considering whether such a database is
suﬃcient to adequately assess potential risks to
aquatic plants. For example, the US EPA (2001)
published a ‘Proposal to Update Non-Target Plant
Toxicity Testing under NAFTA’ and concluded
that aquatic macrophytes are under-represented.
They propose that the number of vascular plants
should be increased.
While evaluating the necessity for further
aquatic plant testing, one should consider applying
an appropriate uncertainty factor which could lead
to a risk assessment that is suﬃcient to protect
from harmful eﬀects under ﬁeld conditions.
In order to assess the potential impact of dif-
ferences in species sensitivity on aquatic risk
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assessment for non-target aquatic plants, available
data from our laboratory and from the literature
were reviewed.
Materials and methods
Algal and macrophyte species used in the sensi-
tivity ranking at Table 2 are presented by full
name in Table 1.
A description of the various methods investi-
gating the toxicity of herbicides on non-target
aquatic plants can be found in Table 2. The
complete methodology of the experiments taken
from literature can be found in Fairchild et al.
(1998), Green & Westerdahl (1990) and Nether-
land & Getsinger (1992). The toxicity values
referring to algae and Lemna sp. for the auxin
simulating compounds are taken from Brock et al.
(2000) and are based on the geometric mean of the
available results in literature for each species.
Toxicity values from required test species of the
preliminary risk assessment (algae and Lemna sp.)
obtained at Syngenta Crop Protection AG are
performed according to existing guidelines
(ASTM, 1995; FIFRA, 1989a, b; OECD, 1984) or
draft documents (OECD, 2001) already in discus-
sion.
Results
Syngenta test results presented in Table 3 were
performed in-house during the last months. A
wider classiﬁcation of the compounds than the one
recommended by HRAC was performed based on
their mode of action. The most sensitive species in
the selected studies was identiﬁed and highlighted.
The source of the data and the mode of action of
speciﬁc compounds as well as a sensitivity ranking
for the tested species based on median eﬀect con-
centrations (EC50) were reported for each com-
pound. The most sensitive species tested was
identiﬁed, and taking this as a reference, the test
species were grouped accordingly. Groupings were
made according to EC50 values that diﬀered by
less than ﬁve times, less than 10 times and more
than 10 times from the most sensitive species
tested.
Discussion
Comparing plant species across the diﬀerent
experiments, the range of sensitivities identiﬁed
show that there is no one plant species that is al-
ways the most sensitive, even for compounds with
the same mode of action. It should also be noted
that diﬀerences in the testing method (e.g.,
emerged, submersed or rooted form of the plant in
the test, temperature, test medium, pH, light
intensity) or changes in the application method
can lead to substantial diﬀerences in the values
recorded as test endpoints. In the sensitivity
ranking shown here, this problem is partly avoi-
ded because the comparison among species is
made in the same study with the same testing
method (see Fairchild et al., 1998 and Syngenta
results). The diﬃculties related to data comparison
between tests can be exempliﬁed by the study of
Fairchild et al. (1998), in which every alga was
tested for 96 h with chlorophyll ﬂuorescence as an
endpoint while the duckweed Lemna sp. was tested
over 96 h with the frond count as test endpoint.
Table 1. Algal and macrophyte species compared in the sensi-
tivity ranking
Algae tested Macrophytes tested
Anabaena ﬂos-aquae
(Lyngb) Bre´b.
Ceratophyllum demersum L.
Chlamydomonas
reinhardii Dangeard
Elodea canadensis Michx.
Chlorella pyrenoidosa Chick Egeria densa Planch.
Chlorella vulgaris Beijer. Glyceria maxima (Hartm.)
Holmb.
Microcystis sp. Ku¨tz. Hydrilla verticillata
(L.f.) Royle
Navicula pelliculosa
(Bre´b.) Hilse
Lemna gibba L.
Scenedesmus
quadricauda (Turp.) Bre´b.
Lemna minor L.
Scenedesmus
subspicatus Chodat
Myriophyllum
heterophyllum Michx.
Selenastrum
capricornutum Printz
Myriophyllum spicatum L.
Skeletonema costatum Grev. Myriophyllum verticillatum L.
Najas sp. L.
Potamogeton densus L.
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Table 3. Species sensitivity ranking for diﬀerent herbicides with relation to their database and mode of action (vascular plants, algae);
(required test species for preliminary risk assessment procedure (grey); most sensitive species (underlined))
Mode of action
(Inhibition of)
Species sensitivity ranking Reference
Mean eﬀective concentrations (EC50) diﬀering:
< ﬁve times > ﬁve times >> 10 times
Photosynthetic
electron transport
(compound 1)
C. demersum
Fairchild et al.
1998
C. vulgaris C. reinhardii
E. canadensis M. heterophyllum
L. minor > S. quadricauda >> A. ﬂos-aquae
Microcystis sp. S. capricornutum
Najas sp.
Photosynthetic
electron transport
(compound 2)
C. demersum
Fairchild et al.
1998
C. reinhardii
C. vulgaris
E. canadensis > Microcystis sp. >> A. ﬂos-aquae
L. minor S. quadricauda
M. heterophyllum
Najas sp.
S. capricornutum
Cell division
C. demersum A. ﬂos-aquae
Fairchild et al.
1998
C. vulgaris C. reinhardii
L. minor >> E. canadensis
Najas sp. Microcystis sp.
S. capricornutum M. heterophyllum
S. quadricauda
Auxin simulators
(compound 1)
C. pyrenoidosa Green &
Westerdahl 1990 /
Brock et al. 2000
M. spicatum >> C. reinhardii
L. minor
S. capricornutum
Netherland &
Auxin simulators
(compound 2)
M. spicatum >> S. capricornutum Getsinger 1992 /
Brock et al. 2000
Amino acid synthesis
(compound 1)
A. ﬂos-aquae
Syngenta
G. maxima
L. gibba G3 >> L. minor
N. pelliculosa
S. capricornutum
S. costatum
Amino acid synthesis
(compound 2)
E. canadensis A. ﬂos-aquae
SyngentaL. gibba G3 > L. minor >> N. pelliculosa
S. capricornutum
S. costatum
Continued on p. 235
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The other vascular plants were tested over 14 days
with a measurement of wet weight increase. Con-
sequently, robust comparisons of inherent sensi-
tivity are diﬃcult. For most of the existing studies,
this particular issue is also a problem when com-
paring the results obtained in tests with the same
plant species. For vascular plants in particular,
this is an issue because there are no harmonised
testing guidelines, test methods and endpoints are
diﬀerent. Even for species like the duckweed
Lemna sp. where a guideline draft is available,
there are still diﬀerences in methods. Only the
testing of algal species is mostly performed
according to the existing guidelines, which leads to
comparable results due to standardisation of
conditions and methodology. Brock et al. (2000)
tried to solve the problem of comparing results
from tests performed under diﬀerent conditions by
taking the geometric mean for the existing EC50
values of one species. In their report they com-
pared the database available for algae, Lemna sp.
and for a series of vascular plant species with re-
spect to a list of nearly 20 compounds. They
concluded that for over 80% of the compounds,
the existing testing scheme with a green algae and
Lemna sp. was suﬃcient to detect potential tox-
icity against non-target aquatic plants. What was
apparent though, was that algae and Lemna sp.
were inadequate for auxin simulating herbicides
because in these tests the threshold value was
underestimated up to a factor of 100. Auxin sim-
ulators generally appear to be more applicable to
dicotyledonous macrophytes other than the
monocot Lemna sp.
In our studies we always included Lemna sp.
and green algae, which are test species required for
the standard database in the preliminary risk
assessment scheme. The results showed that the
required test species produced EC50 values dif-
fering by less than ﬁve times from the most sensi-
tive species. The only discernible exceptions were
for two auxin simulating and a grass killing her-
bicide, where diﬀerences in the EC50 values be-
tween green algae and Lemna sp. were more than
10 times as compared to other vascular plants. For
an acceptable risk assessment procedure, the
existing testing scheme could be considered most
protective under ﬁeld conditions. However, this
has to be proven by comparable results obtained
under laboratory and ﬁeld conditions using envi-
ronmentally relevant concentrations.
At the moment, no international harmonised
guidelines for aquatic plant testing exist and re-
quired testing protocols of diﬀerent countries vary.
Prior to the deﬁnition of further testing require-
ments by the US EPA we recommend to perform
further investigations to deﬁne adequate test spe-
cies and experimental designs (FIFRA SAP, 2001).
Table 3. (Continued)
Species sensitivity ranking ReferenceMode of action
Mean eﬀective concentrations (EC50) diﬀering:
(Inhibition of)
< ﬁve times > ﬁve times >> 10 times
Amino acid synthesis
(compound 3)
E. densa A. ﬂos-aquae
SyngentaL. gibba G3 >> N. pelliculosa
L. minor S. capricornutum
S. costatum
Lipid-biosynthesis
(grass-killer)
G. maxima >> L. gibba G3 Syngenta
S. capricornutum
Photosynthesis
L. gibba G3 E. canadensis
Syngenta
Microcystis sp. H. verticillata
N. pelliculosa > M. verticillatum
S. subspicatum M. spicatum
P. densus
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Conclusions
The results presented by Brock et al. (2000) and
our present comparison of literature and in-house
data indicate that further test species need to be
identiﬁed for testing the impact of auxin simulat-
ing herbicides or grass speciﬁc compounds to see if
toxicity to non-target aquatic plants is underesti-
mated.
Further studies will have to characterise ade-
quate test species and to develop standardised
experimental protocols before decisions on new
regulations may be taken.
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